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Abstract: 
We investigate the rare baryonic  b  decays in a non-universal   
  model, which is 
one of the well-motivated extensions of the standard model (SM). Considering the effects of 
  -mediated flavour-changing neutral currents (FCNCs) we analyse the differential decay 
rate, forward-backward asymmetries and lepton polarisation asymmetries for the 
 b  decays. We find significant deviations from their SM predictions, which could 
indicate new physics arising from the     gauge boson. 
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1. Introduction 
Rare baryonic decays  b   ,,e  induced by flavour-changing neutral current 
(FCNC) occur at loop level in the standard model (SM) [1]. These decays can provide useful 
information about the parameters of the SM and also offer the possibility of searching for 
new physics (NP) beyond the SM. Joint efforts at hadron colliders and B factories have 
contributed much data of unprecedented precision in this sector [2-8]. The predictions based 
on the SM are in almost perfect agreement with the experimental findings of different particle 
colliders from all over the world. But in recent years several experimental results in this 
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sector have shown deviations from the SM values, including observation of a 3.7σ deviation 
in the angular observable   
  [4] of the  *KB mode, the violation of lepton 
universality in 
 KB decays at the level of 2.6 σ [5], a considerable discrepancy in the 
decay rates of the 
 *KB  processes [6] observed by the LHCb experiment, the 
observed discrepancy in the branching fraction ratio of exclusive 
 *KB  decays and 
inclusive decays into dimuons over dielectrons in the full range of q
2
 [7], the observation of 
3.3σ deviation in the decay rate of the  sB [8] process and many more. Though these 
deviations are not statistically sufficient enough to prove the presence of NP effects, these 
data have intimated several anomalies in B decays induced by FCNC processes  sb  . 
This prompts study of the implication of these observations in the context of various NP 
models as well as in a model independent way. Therefore, the rare 
b  decays involving 
 sb  transition provide a suitable wayto search for NP effects. The NP arises in these 
decays in two different ways: either by introducing a new component to the Wilson 
coefficients or by modifying the structure of the effective Hamiltonian, both of which are 
absent in the SM. These decays have been studied in the literature both in the SM and in 
various beyond the SM (BSM) scenarios such as the two-Higgs-doublet model (2HDM), 
minimal supersymmetric standard model (MSSM) etc. [9-19]. Recent statistical analysis of  
 b  decay using lattice QCD inputs has been done in Ref. [20]. 
The theoretical study of inclusive decays is easy but their experimental detection is 
quite difficult. For exclusive decays the situation is opposite i.e. their experimental detection 
is easy but theoretical analysis is very difficult. One type of exclusive decay which is 
described at inclusive level by the  sb  transition is the baryonic  b  
  ,,e  decays. These decays are studied in the SM [21], in the supersymmetric model 
with and without R-parity [22-25], in the two-Higgs-doublet model [26] and in a model- 
independent way. In comparison with B meson decays, b   baryon decays contain some 
particular observables, involving the spin of the b quark. So, the number of degrees of 
freedom involved in the bound state of baryon is more, hence the study of  b  
decays is less explored in comparison with B meson decays. In this paper, we study the 
 b   ,,e  decay modes in the non-universal  
  boson model and estimate 
the differential decay rate, forward-backward asymmetry and lepton polarisation asymmetries 
in these decay modes. Theoretically, non-universal     bosons exist in many extensions of the 
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SM, for example grand unified theories (GUTs) such as SU (5) or    model [27, 28], 
superstring theories and theories with large extra dimensions. A non-universal    [29-32] 
boson is one of the most important theoretically constructed model to understand physics 
beyond the SM [30-35]. As the Z   boson has not yet been discovered experimentally, its 
mass is not known exactly, but there are stringent limits imposed by several theoretical 
models. The Z   mass is constrained by direct searches from different accelerators [36-37], 
which give a model-dependent lower bound around 500 GeV. In a study of B meson decays 
with Z  -mediated flavor-changing neutral currents [38], the Z  -boson was studied in the 
mass range of a few hundred GeV to 1 TeV.  Sahoo et al. [39] estimated the Z   boson mass 
from 00 qq BB   mixing, giving a result in the range 1352–1665 GeV. Oda et al. [40] have 
predicted an upper bound on Z   boson mass of /ZM 6 TeV in a classically conformal 
)1( U  extended standard model. The ATLAS collaboration [41] sets the lower mass limit for 
the sequential standard model (SSM) SSMZ   as 1.90 TeV and ranges from 1.82 – 2.17 TeV are 
excluded for a SFMZ   
strong flavor model. Recently, the CMS collaboration [42] has searched 
for leptophobic Z   bosons decaying into four-lepton final states in proton-proton collisions at 
s = 8 TeV and obtained the lower limit on the    boson mass as 2.5 TeV. In this paper, we 
study the Z  -boson with mass in the TeV range. 
Flavour mixing can be induced at tree level in the up-type and/or down-type quark 
sectors after diagonalizing their mass matrices. Mixing between ordinary and exotic left-
handed quarks induces Z-mediated FCNCs. The right-handed quarks RR sd ,  and Rb  have 
different )1( U  quantum numbers than exotic Rq  and their mixing will induce  
 -mediated 
FCNCs
 
[38, 43-46] among the ordinary down quark types. Tree level FCNC interactions can 
also be induced by an additional    boson in the up-type quark sector [47]. In the    model 
[48], the FCNC Zsb   coupling is related to the flavour-diagonal couplings Zqq   in a 
predictive way, which is then used to obtain upper limits on the leptonic Z  couplings. 
With FCNCs, both Z and Z   boson contributes at tree level and will interfere with the SM 
contributions [45-47, 49]. Hence, it is possible to study  b  rare decay in the light 
of a non-universal Z   model to explore beyond the SM. Since, at quark level the b baryonic 
and B mesonic decays are induced by the same mechanism, we can independently test our 
understanding of quark-hadron dynamics and investigate CP-asymmetry parameters with the 
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help of  b  rare decays by combining with experimental data from the mesonic 
sector.  
This paper is organised as follows. In Section 2, we present the effective Hamiltonian 
responsible for the  sb  transitions and the matrix element for the decay modes
 b   ,,e  with their decay parameters in the SM. We also present the 
expressions of the forward backward asymmetry and lepton polarisation asymmetries for the 
same decay modes. In Section 3, we discuss the effect of the    mediated FCNCs. We write 
the effective Hamiltonian for the Z   part for  b  decays following the modified 
Wilson coefficients C9 and C10. In Section 4, the numerical results of the physical observables 
- differential decay rate, forward-backward asymmetry and lepton polarisation asymmetries 
are discussed for the  b   ,,e  decay modes in the non-universal  
  boson 
model. Finally, we present our conclusions in Section 5. 
2.       
    decay in the standard model 
At quark level the decay process  b  is governed by the  sb  transition. In 
the SM the effective Hamiltonian responsible for the  sb  transition at the )( bmO  
scale is calculated by neglecting the doubly Cabbibo suppressed contributions [50, 51]. The 
matrix element of the  sb  process contains terms describing the virtual effects 
induced by cctt ,  and uu  loops which are proportional to ** , scbcstbt VVVV  and 
*
usbu VV  
respectively. Due to the unitarity of the CKM matrix and neglecting *usbu VV  in comparison to 
*
stbt VV  and 
*
scbc VV , the matrix element of 
 sb  will contain only one independent 
CKM factor *stbt VV . The effective Hamiltonian describing the 
 b  decay process is 
given as [50, 52]: 
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 (1) 
where FG  is the Fermi coupling constant,   is the electromagnetic coupling constant, q is 
the momentum transferred to the lepton pair, which is the sum of the momenta of the    and 
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  i.e.   ppq , and 
effC7 , 
SMC9  and 
SMC10  are Wilson coefficients evaluated at energy 
scale μ (μ =
bm ) and are given as [53],  
            261.4,154.4,308.0 1097 
SMSMeff CCC .           (2) 
Considering long distance effects, a perturbative part coming from one loop matrix elements 
of the four quark operators ( )( sY ) [26, 54] and a resonance part ( resC9 ) [14, 55-57] due to 
the long distance resonance effect are introduced in the coefficient effC9 . Hence, it can be 
written as: 
    effC9  = 
resCsYC 99 )(   .                    (3) 
The amplitude of the exclusive decay  b  is obtained by sandwiching effH  
for the  sb  transition between initial and final baryon states, i.e. beffH  . The 
matrix elements of the various hadronic currents between the initial 
b  and the final 
baryon can be derived in terms of the form factors, as discussed in detail in [58]: 
  
b
upfpfifubs b   

  321  , 
  
b
upgpgigubs b   

  5352515 , 
  
b
upfpfifubpis TTTb   



  321 , 
  
b
upgpgigubpis TTTb   



  5352515 ,             (4) 
where 
if  and ig  are the various form factors which are functions of 
2q . The decay process 
 b  is studied based on the heavy quark effective theory (HQET) in [59]. Using the 
heavy quark symmetry limit, the number of independent form factors is reduced to two and 
the matrix elements of all hadronic currents, irrespective of their Dirac structure, can be 
written as 
         
bb
upFvpFupbsp b  
2
2
2
1
,                (5) 
where  is the product of the Dirac matrices and 2,1F  are the form factors. The relations 
among these two sets of form factors are given as [22-25, 60]:  
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212211 FrFgffg
TT  ,          
b
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
2
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          
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
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22
11 q
m
F
gf
b
TT

 .       (6) 
where 22 /
b
mmr  . The form factors 1F  and 2F  for the 
 b  decay are calculated 
in the QCD sum rule approach combined with heavy quark symmetry in [21-25, 60] and the 
transition amplitude can be written as [58]: 
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
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                                   (7) 
where the parameters 
iA , iB  and jj ED ,  ( i = 1, 2 and j = 1, 2, 3) are defined as 
    TiTib
eff
ii
eff
i gf
q
mC
gfCA 
2
7
9
2
2
1
, 
     ,2
2
1
2
7
9
T
i
T
i
b
eff
ii
eff
i gf
q
mC
gfCB   
  jjj gfCD  10
2
1
 ,  jjj gfCE  10
2
1
 .                                        (8) 
The double partial decay rates for  b    ,,e  can be obtained from the 
transition amplitude [Equation (7)] as: 
    zsKsr
q
m
vm
VVG
zdsd
d
b
stbtF
,ˆˆ,,1
4
1
2ˆ 2
2
512
2
*222




 

  ,             (9) 
where, 2/ˆ
b
mss  ,    
 , cosz , the angle between 
b
p  and p  in the center of mass 
frame of    pair and    cabcabcbacba  2,, 222  is the usual triangle 
function. The function  zsK ,ˆ  is given as 
        sKzsKzsKzsK ˆˆˆ,ˆ 2
2
10   ,                (10) 
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where,  sK ˆ0  =        *133*132232342 Reˆ164ˆ1ˆ32 EDEDsrmmEDsrsmm bb ll    
 +    1*1222 Reˆ664 EDmsmrm bb l     
+       3*13*13*332 Reˆ1Reˆ264 EEDDsrEDsmrmm bbl    
 
       
     



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 25 ˆ8 lvsm b  
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2
ˆ1Reˆ14
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EEDDrsrEDrsm
b
b
, 
(11) 
        2*11*21*22*11*11*141 Re2Re2Re2ˆ16ˆ EAEADBDBmEBDAvsmsK bb l                            
               2*11*22*11*22*22*25 ReRe)1(ˆ32 EBEBDADArEBDArmvsm bb l   
                   (12) 
and    22222222262 ˆ8ˆ EDBAvsmsK lb         
   21212121248 EDBAvm lb     ,                          (13) 
where   is the short form for  sr ˆ,,1 . Now integrating Equation (9) w. r. t. the angular 
dependent parameter z, we can get, 
               







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

 
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ˆˆ,,1
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2ˆ
20
2
2
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2
*22
0



 ,            (14) 
The forward-backward asymmetry is defined as, 
                 
dz
dzsd
d
dz
dzsd
d
dz
dzsd
d
dz
dzsd
d
sAFB











0
1
1
0
0
1
1
0
ˆˆ
ˆˆ
)ˆ(                                                                            (15) 
Hence, we can derive FBA  using Equation (11-15) in the following form, 
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 
    3ˆˆ
ˆ
)ˆ(
20
1
sKsK
sK
sAFB

  .                                                                                (16) 
When the final  baryon is polarised, the lepton polarization components ),,( TNLiPi  are 
defined as: 
                
)ˆˆ(
ˆ
)ˆˆ(
ˆ
)ˆˆ(
ˆ
)ˆˆ(
ˆ)ˆ(
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ii
i
e
sd
d
e
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d
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 ,                                                                     (17) 
where the 
ieˆ ’s are the orthogonal unit vectors along longitudinal, normal and transverse 
components of the   polarization and ˆ  is the unit vector used to represent the four spin 
vector, along the spin in its rest frame as: 
               


m
p
s
ˆ.
0

  ,    





p
mE
s
s


0
ˆ                                                                 (18) 
The observables 
TNL PPP ,,  correspond to longitudinal, normal and transverse polarization 
asymmetries respectively. Among these observables, 
LP and TP  are P-odd, T-even whereas 
NP  is P-even, T-odd. The observables TNL PPP ,,  are given as [58]: 
    3ˆˆ
16
)ˆ(
20
2
sKsK
m
sP bL


 
 
 
b
mm 
28      3*13*11*33*1 ReRe EEDDrEDED   
     2*12*122232322 Reˆ24ˆ4 BABAsmmmEDsmm bbb   
    2*12*11*22*123 ReRe3ˆ
3
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b
  
   2*12*1222 Reˆ6
3
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    
       212122222224 ˆ14ˆ22ˆ
3
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BAsrmmEDvsrsm
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    
    212122 ˆ14 EDsrmm b  
   2121212122 ˆ1
3
1
EDBAvsrm
b
    
        22222222 ˆ1ˆ13ˆ)1(12
3
1
BAsrvsrsmrmm
bb
                 (19) 
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   
 2
20
3
2
3ˆˆ
8
)ˆ(
b
b m
sKsK
vm
sPN 




   sr ˆ1   1*11*1Re EBDAr   
  1*22*11*22*12 Reˆ4 DBDBEAEArsm b      2
*
22
*
2
3 Reˆ1ˆ2 DBDAsrrsm
b
   
       
2
*
22
*
2
2
1
*
11
*
1 ReˆReˆ12 DBEAsmDBEAsrm bb    
   
1
*
22
*
11
*
22
*
1
222 Reˆ)1( EBEBDADAsrm
b
   .              (20) 
 
   
      
2
*
11
*
22
*
11
*
2
2
20
3
ImImˆ1
3ˆˆ
ˆ8
)ˆ( EBEBDADAsrm
sKsK
svm
sP
b
b
T 

 
  
 
    
2
*
22
*
2
2
1
*
11
*
1 ImˆIm2 DBEAsmDBEAm bb    .          (21) 
 
3. Contribution of    - mediated FCNC in       
    decays 
A non-universal    model could be naturally derived from grand unified theories (GUT’s), 
superstring theories, E6 models and so on, but experimentally the    boson has not yet been 
discovered. One convenient process to get the    boson is to include an additional       
gauge symmetry in the SM. In the non-universal   model, the FCNC transitions for the 
 sb  process are induced at tree level due to the presence of a non-diagonal chiral 
coupling matrix. The detailed formulation of this model is discussed in [32]. By neglecting 
the     mixing and considering that the couplings of righ- handed quark flavors with the 
   boson are diagonal, the     part of the effective Hamiltonian for  b  decays is 
written as [47-48, 61-67]: 
     








   )1(111
2
2
55*55*
*' 




 bs
VV
SB
bs
VV
SB
VV
G
H
stbt
RL
sb
stbt
LL
sb
stbt
FZ
eff
(22) 
In the above expression, sbisb
L
sb eBB
 , which corresponds to the off-diagonal left-handed 
couplings of quarks with the    boson and  
sb  is the new weak phase. In a compact manner, 
the above equation can be rewritten as; 
              10'109'9*'
2
4
OCOCVV
G
H Zsb
Z
sbstbt
FZ
eff   ,                                        (23) 
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where    
*
4
stbt
i
sb
VV
e sb

 
 ,                           (24) 
 LLsb
Z SBC '9  , LLsb
Z DBC '10 ,                         (25)  
and  RL
LL SSS     ,   
LR
LL SSD   .                         (26) 
Here, LS   and 
RS   represent the couplings of the  
  boson with the left- and right-handed 
leptons respectively. The contributions to the decay  b  mainly come from the 
Wilson coefficients C9 and C10, and corresponding operators. In this   model the operator 
basis remain the same as in the SM and the contribution of   only modifies the Wilson 
coefficients C9 and C10. Hence, to include the    contributions, it is sufficient to make the 
following replacements in the formalism relevant to  b  decay: 
                   LLsb
tstb
i
SMZSM SB
VV
e
CC
sb
*
9
'
9
4

 
                                                (27) 
                   LLsb
tstb
i
SMZSM DB
VV
e
CC
sb
*
10
'
10
4

 
                                                (28) 
In this model, the new physics contributions to forward-backward asymmetry and other 
polarisation asymmetries for  b  decay are analysed in the light of the above 
modifications in Section 4. 
4. Numerical Analysis 
In this section, we discuss the forward-backward asymmetries and lepton polarisation 
asymmetries for  b   ,,e  decays in the frame work of the non-universal    
model and investigate the scenario of NP. The numerical values of the input parameters [7] 
used are collectively given in Table - 1. The dependence of the form factors for f1,2,3 , g1,2,3 , 
Tf 3,2  and 
Tg 3,2  on q
2
 in the light–cone QCD sum rules approach can be parameterized as [68]: 
             
22222
22
)1(1
)]()[(
fitfit
ii
mq
b
mq
a
qgqf



  ,                                                         (29) 
whereas the form factors f 
T
1 and g 
T
1  are of the form 
           
22222
2
1
2
)1(1
)]()[(
1
fitfit
TT
mq
b
mq
a
qgqf



  .                                                        (30) 
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The parameters appearing in the fit function of the form factors are summarised in Table - 2. 
To evaluate different observables in the     model we need to fix the numerical values of the 
parameters sbB ,    , LLS  and LLD for the  
  couplings. These values, however, are strictly 
constrained from B meson mixing and different inclusive as well as exclusive decays of B 
mesons. The values are collected from Refs. [ 69-85] and are encapsulated in Table - 3 for 
three different scenarios S1, S2 and S3, where S1 and S2 correspond to two different fitting 
values for     ̅  mixing data from the UTfit Collaboration [70-76] and S3 is obtained from 
the analysis of three different B meson decays [79-82].  
Table-1: Numerical values of the input parameters [7]. 
Parameters Value 
b
M   5.620 GeV 
M  1.115 GeV 
bm  4.28 GeV 
em  0.510 x 10
-3
 GeV 
m  0.105 GeV 
m  1.77 GeV 
FG  1.17 x 10
-5
 GeV
-2 
b
  1.383 x 10
-12
 s 
  1/137 
*
stbt VV  
45 x 10
-3 
 
Table-2: Parameters appearing in the fit function of the form factors [68]. 
Fit parameter a b 2
fitm  
1f  -0.046 0.368 39.10 
2f  0.0046 -0.017 26.37 
3f  0.006 -0.021 22.99 
1g  -0.220 0.538 48.70 
2g  0.005 -0.018 26.93 
12 
 
3g  0.035 -0.050 24.26 
Tf 2  -0.131 0.426 45.70 
Tf3  -0.046 0.102 28.31 
Tg 2  -0.369 0.664 59.37 
Tg3  -0.026 -0.075 23.73 
Fit parameter C 2
fitm  
2
fitm   
Tf1  -1.191 23.81 59.96 
Tg1  -0.653 24.15 48.52 
 
Table-3: Numerical values of the    coupling parameters [69-85]. 
Scenario 310sbB  sb in degree 
210LLS  
210LLD  
S1 22.009.1   772  9.38.2   6.27.6   
S2 15.020.2   482  4.12.1   9.05.2   
S3 5.10.4   10150 or 
 10150  
0.8 -2.6 
In our calculation, we have considered the maximum values of the      parameters 
from the three given scenarios in order to observe the maximum influence of the      boson 
on the different asymmetry observables. So we construct three sets from the three scenarios 
of the numerical values of coupling parameters, as follows: 
Set-I: 
Within the range of coupling parameters for scenarios S1 listed in Table-3, we have grouped 
the maximum values in this set to get the magnified impact of     boson, i.e.  
31031.1 sbB , 2101.1 LLS , 
2101.4 LLD , 
)772( sb . 
 
Set-II: 
Within the range of coupling parameters for scenarios S2 listed in Table-3, we have grouped 
the maximum values in this set to get the magnified impact of     boson, i.e. 
 31053.2 sbB , 2102.0 LLS , 
2106.1 LLD ,
)482( sb . 
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Set-III: 
Within the range of coupling parameters for scenarios S3 listed in Table-3, we have grouped 
the maximum values in this set to get the magnified impact of     boson, i.e.  
3107.5 sbB , 2108.0 LLS , 
2106.2 LLD ,
)10150( sb . 
Let us proceed further with all the numerical data discussed above. In the     model, the new 
physics contribution to the asymmetry parameters are encoded in the modified Wilson 
coefficient. Therefore, we investigate the variation of asymmetry observables for 
 b   ,,e  decays with different values of     coupling parameter within the 
kinematically accessible physical range of sˆ .  
For  eeb and 
 b  decays, )sˆ(AFB  initially decreases with increase 
in sˆ  and takes  small negative value for sˆ  up to 0.1, then )sˆ(AFB  gradually increases almost 
equally in the three sets of coupling parameters in Fig. 1(a) and Fig. 1(b) respectively. In Fig. 
1(c), )sˆ(AFB  prominently decreases and then increases with respect to sˆ  for 
 b  
decay. In Fig. 1 (c), the maximum variation is observed with Set-III, hence we can say that 
with the higher contribution of coupling parameters )ˆ(sAFB  increases.  
 
                                                       
         (a)            (b)                                                (c) 
Fig. 1: Dependence of )ˆ(sAFB  on sˆ  and sb  for the SM (red), Set-I (yellow), Set-II (blue), 
and Set-III (green) for the decays (a)  eeb  , (b) 
 b  and (c)  b . 
We plot the differential decay rate (Eq
n
 14) for  b   ,,e  decays 
against sˆ  and sb  for Set-I (yellow), Set-II (blue) and Set-III (green), as depicted in Figs. 2(a), 
2(b) and 2(c). It is observed that Set-III data contributes more to the differential decay rate for 
 b decays.  Similarly, Figs. 3, 4 and 5 present the dependence of lepton 
polarization asymmetries PL, PN  and PT  on sˆ   for 
 b decays respectively. For 
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 eeb  
 and  b  decays,  PL decreases in  
  scenarios compare to the SM   
[ Fig. 3(a) and 3(b) ] whereas for the   b  decay,  PL  is enhanced in the three sets 
of    coupling parameters compared to the SM values [ Fig. 3(c) ]. In Figs. 4(a), 4(b) and 
4(c), the contribution of the     boson to PN  dominates over the SM value for 
 b  
decays. Figures 5(a), 5(b) and 5(c) represent the variation of PT for 
 b   ,,e  
decays. For  eeb   
and  b  decays, the PT decreases in  
  scenarios 
compared to the SM [ Fig. 5(a) and 5(b) ], whereas for the  b  decay, PT  is 
enhanced in the three sets of    coupling parameters compared to the SM values [Fig. 5(c)]. 
The slope of the planes are similar for  eeb   
and  b  decays, whereas the 
slope for the  b  
decay is different. This may indicate the lepton non-universality, 
although it is absent in the SM. 
  
                           
(a)                                              (b)                                                (c) 
Fig.2: Dependence of differential decay rate on sˆ  and sb  for the SM (red), Set-I (yellow), 
Set-II (blue), and Set-III (green)  for the decays (a)  eeb  , (b) 
 b  and      
(c)  b . 
                          
(a)                                             (b)                                                (c) 
Fig.3: Dependence of longitudinal lepton polarization asymmetries (PL) on sˆ  and sb  for the 
SM (red), Set-I (yellow), Set-II (blue) and Set-III (green) for the decays (a)  eeb  , (b) 
 b  and (c)  b . 
𝑑
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(a)                                              (b)                                                (c) 
Fig.4: Dependence of normal lepton polarization asymmetries (PN) on sˆ  and sb  for the SM 
(red), Set-I (yellow), Set-II (blue) and Set-III (green) for the decays (a)  eeb  , (b) 
 b and (c)  b . 
                                                                
 (a)    (b)                                                  (c) 
Fig.5: Dependence of transverse lepton polarization asymmetries (PT) on sˆ  and sb  for the 
SM (red),  Set-I (yellow), Set-II (blue) and Set-III (green) for the decays (a)  eeb  , (b) 
 b  and (c)  b . 
 
For 6.0ˆ s , )ˆ(sAFB  is enhances significantly from that of the SM values with 
increasing values of LLS  and LLD in 
 b  decay with 
31031.1 sbB , 
65sb
[Fig. 6 (a)]. Figure 6 (b) depicts a different picture for  b  decay in the high sˆ  
region for 3107.5 sbB  and 
140sb . It is observed that in the   
  model, initially the 
values of )ˆ(sAFB  are less than the SM prediction, but it gradually increases with increase in 
    coupling parameters and finally cross over the SM value. Similar plots are presented in 
both Fig. 7(a) and 7(b) for b  decay, showing that )ˆ(sAFB  is significantly 
enhanced compared to the SM values with increasing LLS  and LLD . These plots present a 
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clear distinction among the     boson contribution to the forward-backward asymmetry and 
the SM values, which give signals for the existence of NP. 
 
                        
(a)                                                                                          (b)                                                 
Fig.6: Dependence of )ˆ(sAFB  on LLS  and LLD  at 6.0ˆ s  with (a) 
31031.1 sbB , 
65sb  and  (b) 
3107.5 sbB , 
140sb  for the decay  b . The blue 
plane represents the SM result and orange plane represents     boson contribution. 
 
 
                
(a)          (b) 
 
Fig.7: The dependence of )ˆ(sAFB  on LLS and at 6.0sˆ   with (a) 
31031.1 sbB , 
65sb
and  (b) 3107.5 sbB , 
140sb  for the decay 
b . The blue plane represents 
the SM result and orange plane represents     boson contribution. 
   
5. Conclusions 
In this paper, we have studied the rare semileptonic  b ,   ,,e  decays in the 
SM as well as in a non-universal     model. This non-universal     model allows FCNC 
transitions at tree level, which gives a boost for the physical observables to compare with 
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their SM values. Aliev et al. [78, 79] have discussed the decay width and lepton polarization 
for  b  decays explicitly in the  
  model. Their result shows an efficient tool for 
establishing new physics beyond the SM. Gutsche et al. [86] also presented a detailed study 
of observables for  b  decays using the covariant quark model, and compared their 
results with others. In this paper, we have computed the variation of different physical 
observables with respect to     couplings parameters within the kinematical region of sˆ . The 
effect of the     mediated FCNCs enhance the differential decay rate, forward-backward 
asymmetry and lepton polarization asymmetries in these decay modes. Our results show 
deviations from the SM values, which is a signal of the presence of NP in these decays. The 
exploitation of the full data sets of the LHC experiments is a challenging task for both the 
theoretical and experimental communities. More precise measurements of  b  
decays will provide a powerful testing ground for the SM and possible NP models. We expect 
that the measurements of the observables will not only help us to find hints of NP but also 
provide a tool to determine the precise values of the parameters of the     gauge boson.  
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